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This 'bulletin presents the res\ilts of an experimental progi-amme 
to determine the effects of moisture content and loading rate on 
the load-defonnation characteristics of the three wheat varieties 
Falcon, Gamenya and Heron. These varieties represent the range 
of "hardness" (as measured by Symes1 Particle Size Index) of the 
commercially grown wheat varieties in Australia, Moisture contents 
have been varied from to 2Cffl> (wet basis) while loading rates 
varied from 0,25 in/min to 40 in/min. It is shown that moisture 
content has a marked effect on the strength properties of the three 
varieties, while the variation in loading rate produced little 
significant differences in the load-deformation characteristics.
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In a previous analysis of individual wheat grains, under 
conditions of approximately constant moisture content and constant 
loading rate, it was found that the load-deformation characteristics 
vary with the wheat variety (1) . A significant correlation was 
found to exist "between load and load index+ values, and Symes' 
particle size index (2,3) for wheat grains loaded in the flat and 
edge positions. These findings were for a narrow range of 
moisture levels (11 to 13$  w.b.) and for a loading rate of 0.26 
in./min.. The work described in this bulletin is an extension 
of the previous work and covers the effects of moisture content 
and loading rate on the load-deformation characteristics of 
individual wheat grains.
Several researchers (4,5,6) have shown that moisture content 
has a marked effect on grain properties. Generally, it has 
been established that load values decrease with increased moisture 
content. On the other hand it appears that the effect of loading 
rate on the load-deformation characteristics has not been investigated 
in any detail. Zoerb (4) varied loading rate from 0.0777 in./min. 
to 0.4667 in./min. for wheat at 14.6$  moisture content, but observed 
no noticeable changes in the strength properties. Shpolyanskaya (5)
* Numbers in parenthesis refer to the bibliography in Appendix 2.
+ Load index is defined as the ratio of load to specific deformation, 
where specific deformation is the ratio of the actual deformation 
to the original size in the direction of loading.
2.
examined Gordeiform 10 wheat at two rates of loading (0.00033 in./min. 
and 0.0014 in./min.) .and reported that the grain exhibited a more 
brittle character at the higher loading rate. However, the 
maximum loads obtained in eaoh oase were approximately the same.
It is doubtful if Shpolyanskaya's observations are of any real 
value sinoe the loading rates are extremely small and have only been 
varied over a narrow range. No details of how the tests were 
performed are given.
In view of the rheological properties of wheat grains, it is 
apparent that loading rate must have some influence on the load- 
deformation characteristics. A full assessment can only be made 
by varying loading rate over a wide spectrum from the relatively 
low values examined by Zoerb to the extremely high values experienced 
under impact conditions. In the present study the loading rate 
was varied from 0,25 in./min. to 40 in./min. While these are 
considered low values in the spectrum of loading rates, they were 
dictated largely by the limitations of the present testing equipment, 
As a future extension of the programme it is planned to examine the 
loading of grains under high speed -and impact conditions. This 
will entail the construction of special apparatus.
The results presented in this report are for the three wheat 
varieties Heron, &amenya and Falcon which represent the range of 
Symcs' index values for the commercially grown wheats. The testing 




Individual grains of each of the three varieties were 
conditioned either by drying in a hot air oven or by adding a 
specific amount of water to the grains, placing them in a sealed 
container and allowing them to stand for at least 48 hours.
Four different moisture levels were selected; these were 
approximately 8, 12, 16 and 20fo wet basis. Ten grains of each 
sample were tested in the Rheological Testing Machine, which has 
been described previously (1).
The following rates of loading were selected : 0.25, 1, 5, 
10, 20, 30 and 40 in./min. Loading rates above about 0.5 in./min 
proved too high for the Moseley X-Y recorder; for this reason 
a Tektronix Storage Cathode Ray Oscilloscope (C.R.0.) Typo 564, 
fitted with two Tektronix Typo 3C66 Carrier Amplifiers, was used 
to record the load-deformation curves. Records of the stored 
traoes were obtained with the aid of a Polaroid Camera fitted to 
the C.R.0. screen. A photograph of the equipment is shown in 
Pig. 1, while technical details are given in Appendix 3.
The grains were loaded in the flat position only; the edge 
position loading was examined previously (1) and while the results 
were similar to the flat position they tended to be less reliable. 
The relevant data taken from the load-deformation photographs were 
processed with the aid of the IBM 1620 60K computer at the College 
The results are presented in Table 1 and Graphs 1 to 12 in 
Appendix 1.
SECTION 2. EXPERIMENTAL PROGRMIME
SECTION 3. DISCUSSION OT' RESULTS
Inspection of graphs 1 to 12 reveals that the variation of 
loading rates between 0,25 -and 4-0 inches/min. has little significant 
effect on the load and load index values obtained for the three 
varieties considered; this is especially so at the higher levels 
of moisture where the trend towards increased load and load index 
values with increased loading rate was the least pronounced.
Over the range of loading rates considered, the greatest increase 
in load values was aVout 64/6 for the proportional limit load and
for the maximum load; for load index, the corresponding maximum 
increases were U-J/o and 5&/o.
On the other hand, moisture content had a marked effect on the 
load and load index values for the three varieties. The least 
effect was on the maximum load values but it should be pointed out 
that as the moisture content increased the grains became increasingly 
plastic and tended to be squashed rather than collapse during failure. 
In many instances it was difficult to determine a preoise maximum 
load. The values of the proportional limit load and the load 
index values for both points decreased considerabljr with increased 
moisture content.
It is of interest to note that the softer a grain (as measured 
by Byrnes’ P.S.I.) or the higher its moisture content, the greater 
the variation in the load and load index values obtained for the 
proportional limit compared with the point of maximum load. It is 
felt that this discrepancy is a good indication of the degree of 
plasticity that the grain will exhibit when loaded.
5.
SECTION 4 , CONCLUSIONS
Load-deformation tests performed on individual grains of 
Falcon, Gamenya and Heron indicate that rates of loading from 0.25 
to 40 inches/min. have only a slight influence on the forces 
and deformations a grain can sustain; load and load index generally 
showed some increase with loading rate.
On the other hand variation of grain moisture content from 
8 to 2Crfo confirmed that the strength properties of grains are 
influenced significantly by moisture content with the trend towards 
increased strength with decreasing moisture content.
SECTION 5, a p p e n d i c e s
Appendix 1
Tables & G-raphs,






























0.25 29.0 406 28.6 • 23.4 397 27.5
1
.
13.8 19.9 404 15.9 19.1 13 .2 371 14.6
8 5 15.1 28.0 405 17.8 22.3 26.7 395 26.2
10 16.4 30.1 423 25.4 20.9 27.4 393 26.0
20 17.6 . 17.3 443 19.2 21.3 15.7 399 19.0
30 19.8 26.7 474 21.6 22.7 20.3 400 24.9
22.0 16.8 26.6 18.2 488 22.9
11.8 27.8 356 16.4 16.9 24.7 283 19.8
1 3 .5^ 28.3 388 21.7 18.3 34.5 326 16.1
12 J L _______ 13 .2 38.1 397 21.1 20.0 21.4 342 2 1.6
10 13.3 19.6 382 17.0 20.6 23.4 346 22.4
20 15.0 29.6 393 26.5 19.3 26.5 314 23.1
30 17.0 34.7 387 1 7.3 20.8 25.5 321 21.5
.¥>...... 18.2 476 29.3 23.2 21.9 365 28.9





























...  % .
16
0.25 9.1 . 23.3 237 25.3 15.3 16.6 189 23.7
1 9.7 29.2 280 22.3 17.3 14.9 194 31.1
.... 5 _____ 10.2 35.0 289 27.6 17.0 17.8 212 22.7
10 11 .2 47.0 301 22.8 17 .2 19.8 237 3 1.4
20 11 .0 33.9 358 30.6 17.0 21.7 225 29.0
30 13.2 33.2 331 2 6.6 17.5 15.3 247 15.6
40 13.1 26.6 358 16.7 18.1 14.1 262 23.8
20
0.25 3.6 11.6 125 14.9 14.6 24.0 76 11.7
1 4.1 13.3 135 14.6 14.7 29.3 93 2 1.7
5 > 3  „ 19.3 142 16.6 16.4 28.1 93 23.9
10 6.8 14.6 169 17.3 17.6 13.9 112 21 .2
20 6.4 16.7 150 21.3 15.8 21.8 102 26.0
30 7.6 52.3 150 18.5 15,8 22.5 101 31.0
40 7.6 19.2 151 23.4 16.8 16.1 98 24.6





























L _ j l
0.25 23,9 29.1 556 15.1 28-0 23.8 502 13.6
1 26.3 .. 33.5 603 21 .1 31.7 24.1 547 26.2
5............ 28.1 28.8 620 15.3 31.9 21 .6 604 13 .1
8
10 27.4 37.4 607 22.7 32.0 29.1 566 24.5
20 27.4 40.2 614 22.5 34.2 23.3 571 27.3
30 26.1 23.1 615 13.7 28.3 17.3 567 15 .1
40 25.7 641 20.7 30.2 26.4 581 28.6
0.25 17.0 15.4 412 9.1 28,7 16.1 289 17.4
1 18.5 . 32.3 490 25.7 27.8 29.5 383: 21.4
*1 O 5 __________ 19.7 23.1 492 19 .2 29.1 19.2 394 18.11 d
10 20,0 37.8 485 16.2 27.1 19.6 381 24.1
20 21.6 26.4 502 13.5 31.8 18.1 413 18.1
30 21.7 42.3 529 21.4 30.1 34.0 427 26.5
40 24.2 28.6 548 16.1 L... J i i - 23.2 477 28.1
TABLE 1 (cont.) SUMMARY OF LOAD & LOAD INDEX VALUES TOR INDIVIDUAL SAMPLES. VARIETY : 6502 FALCON
Moisture
Content


























..3 . ... .
0.25 13.1 30.0 349 18.1 ... 25.3 19.5 253 18.2
1 14.7 40.0 329 15.3 .. 23.8 26.0 233 26.3
16 . 5 _______ . 20.8 321 25.8 24.7 15 .8 230 20.8
10 15.3 37.8 352 21.1 23.7 31.1 262 23.6
20 L M  _ 14.5 401 16.7 29.^ 18.4 270 18.0
..  3 0 ...... 18.4 30.8 375 22.6 28.4 21.3 271 18.7
40 19.8 L 19.0 28.8 24.0 ._ 277.. . 14.5
0.25 31.9 176 11.2 22.9 9.9 105 12.4
1 . 7.7 . 30.0 203 19.2 20.8 13.9 130 27.7
20 ...5.......
7.6 28.9 173 26.6 16.9 27.0 109 28.9
10 8.6 ' •__ 241 .. 13.9 20.5 14.5 159 7.2
20 11.3 20.3 268 13.3 22.4 14.6 175 18.5
30_______ 11.8 1:3.7 280 13.9 24.2 18.9 190 18.1
40 . . 11*2 43.0 .245 . - 20.3... 22.7 22.0 164 . . 26,9 .






























. . /'L .
0.25 10.3 22.5 313 14.3 19.0 15.6 244 13.7
1 13.0 ..... 29.3 33? 18.2 18.7 20.2 266 14.5
5 11.3 . 37.0 . 339. 20.1 18.6 17.2 280 20.8
8
10 15 .2 16.7 388 15.8 20.3 20.1 318 16.0
20 14.6 21.2 397 12.0 20.5 11 .0 325 15.2
30 ■5 A 17.8 398 14 .2 20.3 17.3 307 19.0
40 15.7 21.4 423 ... 15.2 20.8 16.3 300 22.0
0.25 9.2 16.7 250 17 .2 17.3 13.6 169 14.7
1 9 1 j • i 17.5 251 . 16.5 16.1 14.3 176 13,3
12 5
10.6 19.7 254 12.8 16.8 25.3 180 11.5
10 9 5 - * 32.1 249 ... 7.9 17.3 18.9 178 11.4
20 11 .1 41.8 257 19.9 18.3 18.8 184 39.9
30 11.6 24.7 _ 299 17.2 18.9 18.3 211 14.9
40 _______ 12.8 23.5 308 18.1 20.2 10.7 226 25.8































0.25 .... . A - J ., - 176 24.3 15.6 2 1.2 128 21 .2
1 7.1 - -23,3 194 16.2 15 .2 21.8 136 19.7
16 . 5 ____ 7.5 32.0 229 19.4 14.9 10.4 139 14.2
I 10 _____7.7 24.4 221 20.3 16.0 11.1 159 22.5
20 8.3 23.3 230 11.7 17.4 16.7 151 12.6
30 8.7 23.7 233 15.2 15.9 26,9 154 21 .3
40 .. 7.5 . 22.3 237 15.2 17.0 13.7 159 13.9
0.25 L  -r: .j 25.8 100 12.0 13 .2 11.2 79 12.6
1 . _ 5.3L, 30.4 . 89 . 25.8 12.4 13.0 69 26.3
20 . .......  5 - 5*9 . _34.1 . 90 12.3 15.6 20.5 65 13 .5
10 5.2 13.6 81 19.4 13.4 15.9 60 6.6
20 5.8 --13,9 86 15.2 16.6 16.3 64 10.9
30 6.1 13.8 103 13.5 15.8 14.0 63 13.8








pRAPH I LOAD INPbX WjTH LQ.APj.NCi 
' RAT£’~ FOR FOUR MOISTURE LEVELS
V a r i e t y  - 6501 G a h &n y a  ~ -
PfiapQ&naNfM, L iw ir  Lo a d
in Of >1 fa
16%
■2o%
a io ?,o 3 0











S^ P tt lrJ vM iA TiON OF LOAD INDEX WITH..jpAn»jn_PATP
* OR FOUR MOISTURE t FS/P i P.
Va r i e t y  -  6Soi G a m b n y a  




/o ?o i o
GRAPH 3 - VARIATION OF LOAD WiTH LOADING RATE
FOR FOUR MOISTURE LEVELS
V a r i e t y  -  6 s o i  G a h e n y a
pROPORTSONAL LlMIT L o a d
*4 SEf£H_4ji-WtRiATI0N OF LOAD WITH I OADilsin RATE
FOR FOUR MOISTURE LF.VFt fiT
V a r i e t y  - G501 G a m z n y a  
Ma x i m u m  I o a p
to t
S'*o IQ 20 ' * 3o











GRAPH 5 - VARIATION OF LOAD INDEX WITH LOADING RATE
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APPENDIX 5
BRIEF DETAILS OP RHBOLOGICAL TESTING MACHINE 
AND CATHODE RAY OSCILLOSCOPE
Rheological Testing Machine
Essentially the rheological tester is a small 
compression testing machine which consists of a 2^ in. dia. x 2 in. 
stroke double acting air cylinder with adjustable hydraulic valves 
to control the raja velocity in both directions. The loading 
rate is continuously variable from zero to almost 50 in./min.
The load applied to the grain and the resulting grain deformation 
are measured with the aid of electric resistance strain gauges 
fixed to deflecting beams. The signals from the strain gauges 
were fed directly to the CRO for measurement and recording.
Tektronix Type 564 Storage Oscilloscope
This is a versatile general-purpose oscilloscope with 
trace storage capabilities. Plug-in units, which are available 
for both vertical and horizontal deflection systems, allow the 
CRO to be used for a wide range of applications.
For the present testing work, two 3C66 Carrier 
Amplifier plug-in units were used to detect and amplify the 
strain gauge signals. The input circuit for these units is 
an A.C. bridge into which the external strain gauges can be 
connected.
The stored load-deformation curves were recorded using 
a Tektronix C-12 Camera, fitted with a Polaroid Land Pack-Film 
Back.

